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1571  ABSTRACT

Phase detectors in quadrature whose outputs are si-
multaneously coupled to: high pass networks and cross
coupled multipliers with the output summed to pro-
duce a signal proportional to the frequency difference
of the signals applied to the aforesaid phase detectors;
and, multiphers arranged to square the output of each

‘phase detector whose outputs are summed to produce

a signal proportional to the square of the product of

~the amplitudes of the signals apphed to the aforesaid
- phase detectors.
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. 1
ASYNCHRONOUS DEMODULATOR

BACKGROUND OF THE INVENTION

This invention relates to frequency and amplitude
demodulation systems which provide either frequency

demodulation or amplitude demodulation or both with
respect to an applied reference signal.

Prior art frequency demodulation systems require

‘that the reference frequency be provided by means of a
tuned structure as in phase, slope and ratio detector
circuits; or, by means of a voltage controlled reference

oscillator as in a phase locked loop. This invention

provides detection about an applied reference signal
frequency, eliminating the need for a tuned structure,

and does not require phase, frequency or other syn-

chronous locking to obtain frequency demodulation.
This invention provides a novel and useful feature of
producing an instantaneous replica of the frequency
difference of two applied signal frequencies, and that
the output may be linear.

SUMMARY OF THE INVENTION |

The present invention provides demodulation of a
frequency modulated carrier by application of refer-
ence carrier. The novel detection process 1s accom-

demodulatlons may occur separately or smultaneously |
prior to locking and after locking, without the repro-
duction of a beat note in either or both demodulation

“outputs, and with full and faithfull reproduction of

5

either F.M. or A.M. or both modulatioris-at all times.
Another object of this invention is to provide an
asynchronous demodulation system with the advan-

tages known in the prior art to phase locked and ayn-

- chronous demodulation systems, without the draw-

10

backs afforded by such systems prior to locking and

without the requirement of maintaining lock at all

~ times.
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plished by a pair of phase detectors arranged in quadra-

ture, whose outputs are applied to a pair of frequency
selective networks and the output of one phase detec-
tor 1s multiplied by the output of the frequency selec-
tive network driven by the other phase detector, and

~ the output of said other phase detector is multiplied by

the output of the frequency selective network driven by

the first phase detector. The outputs of the multiplica-

tion networks or apparatus is summed to produce the
desired output which- 1s in accordance with the fre-
quency excursions of one carrier with respect to the
other applied carrier signal.

Also, this invention provides amplltude demodula-
tion of an amplltude modulated carrier with respect to
~ areference carrier. Demodulation takes place by a pair

of phase detectors arranged in phase quadrature whose

outputs are each squared and summed to produce an
output free of the beat note frequency between said
applied signal carriers and in accordance with the prod-
uct of the applied signal amplitudes. |

This invenion provides commonallty of elements for
~ simultaneous demodulation of A.M. and F.M. content
~ of a given carrier, or of selection of either type of mod-
ulation. This invention provides that frequency demod-
ulation may be free of amplitude noise or other ampli-

30

‘Another object of this invention is to provide a minia-
turized demodulation system for F.M., A.M. or both or

> smultaneous F.M. and A.M. detectmn |

Another object of this invention is to provide a direct
conversion system by reducing an incoming modulated
carrier to baseband without the need of Intermediate
Frequency amplifiers. -

Prior art amplitude demodulatlon systems requ1re |
that high level signals, band pass filtered be applied to
an envelope detector or that complete phase locking be
achieved as in quadrature phase locked loop amplitude
demodulation systems to eliminate the objectionable
beat note which occurs prior to synchronous locking of
applied signals. This invention achieves faithfull ampli-
tude demodulation without bandpass filtering prior to
detection and without any beat note production. This
invention achieves demodulation of an amplitude mod- -

‘ulated signal about an applied reference 31gnal fre—

~ quency.
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This invention provides common e¢lements in both
amplitude and frequency demodulation processes and
thus, either type of detection or both types may be
accomphshed snnultaneously or separately w1th effi-

‘clency and economy.

This Invention achieves 1its demodulatlon processes
with circuital elements that may be reduced to inte-
grated circuits and thus may be miniaturized.

Prior art frequency demodulation systems use limit-

- Ing to Increase F.M. signal to noise improvement at the
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loss of all amplitude modulation content. This inven-
tion achieves F.M. signal to noise improvement without
Iimiting and without loss of amplitude modulation con-
tent which may be simultaneously recovered.

BRIEF DESCRIPTION OF THE DRAWINGS

- FIG. 1 is a schematic diagram of a preferred fre— -
quency modulation embodiment hereof. |
- FIG. 2 1s a graph illustrating the frequency demodula-

" tion performance of the embodiment in FIG. 1.

tude disturbances without the employment of limiting

~ prior to detection.

~ One object of this invention is to provide frequency

demodulation or to provide a frequency discriminator.
Another object of this invention is to provide a fre-

quency comparison of two applied signals.

Another object of this invention is to eliminate bulky

tuned circuits in frequency demodulation systems.

Another object of this invention is to provide fre-
quency, amplitude or simultaneous demodulatlon of .
one or two applied carriers.

Another object of this invention is to provide fre-
‘quency, amplitude or simultaneous detection of one or
two applied signals without the requirement for syn-
chronous locking of the two apphed signal carriers.

Another object of this invention 1s to provide a phase

locked loop in which frequency or amplitude or both

55
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- FIG. 3 1s a schematic diagram of a preferred ampli-
tude and frequency modulation embodiment hereof in
accordance with the present invention. |

DESCRIPTION OF THE PREFERRED F.M.
- EMBODIMENT

In FIG. 1, a schematic diagram is shown of the pre-
sent invention for use with frequency modulated sig-
nals, or to provide frequency discrimination between
two applied signals. An incoming signal 1 1s applied to
a pair of phase detectors 12 and 13. Said phase detec-

tors 12 and 13 are driven by reference signals 3 and 4 .
-~ which are 90° out of phase by virtue of the phase shift

network 14. The output 5 of phase detector 12 is ap-
‘plied to a differentiation network 15 and to an input of -
multiplier 18. Simultaneously, the output 6 of phase
detector 13 is applied to a differentiation network 16
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~and to an mput of multlpher 17 The outputs 9 and 10 "

of multipliers 17 and 18 are applied to a summing net- ‘-

“work 19 to produce at the output 11 of said summing

network 19 a signal which is linearly proportional to
- the frequency difference of applied signals 1 and 3. For

- good linearity, and economy of manufacture, corre-
sponding circuital elements are made alike, such asthe

- phase detectors 12 and 13, the networks 15 and 16 and

. the multlphers 17 and 18. In particular, the dlfferentla-f

~ tion networks 15 and 16 affect good linearity.

It will be helpful here to review the mathematlcs_ |
. included in the preferred F.M. embodiment of FIG. 1
~ to illustrate the means by which frequency demodula-

~line 21 in FIG. 2. It is clear that either v or w or both
10 may be time varlant quantltles, and that the output at
1L will falthfully respond to such frequency variations.
- InFIG. 1, it is clear that signal 3 or 1 may be supplied
‘bya voltage controlled oscillator driven from an ampli-

fied and filtered signal 5 or 6, as well known in the arts '

_tlon is achieved. In FIG 1, let the mcommg S1gnal be

represented by A Cos [ vdt where A i1s the carrier

amplitude in volts, v is the carrier frequency: in radians

15

- per second, and ¢ is the time in seconds. Let the refer-

- ence SIgnal 3 be represented by B Cos [ wdt, B is the
“amplitude in volts, w is the carrier frequency in radians

- per second, and ¢ is the time in- seconds. The phase.
* detector 12 will produce an output 5 which will contain

20

the difference frequency, the summed frequency being

 filtered out which is seen to be %2AB Cos S (v—w)dt. a
~ The phase shifted signal 4 will be —B.Sin fwdt. The

~ output of phase detector 13 will be the difference fre- 25

quency signal 6 seen to be %AB Sm J (v—w)dt, the

 summed frequency being filtered out. The output of
(v—w)AB.-'

. differentiation network 15  will -
~ Sin [ (v—w)dt. The output of dlfferentlatlon network.
16 will be (v—w)AB Cos [ (v—w)d_. Multlplymg signals

~ and 10 in the network 19, will produce 11 which is

| '__1/4A2B2( v—w), which is seen to contain a factor (v—w)

- which is directly proportional to the frequency differ-

~ence of the applied carriers 1 and 3. The amplitude
~ factors A and B must be regulated or otherwise limited -

‘and 6, or at other portions with care to prevent har- _.
" __monlc distortion and nonlinearity of output at 11. =

The phase quadrature detection process at 12 13

45
 and network 14, may of course be varied in accordance-?_
~ with well know variations, for example by breaklng the

6 and 7 together in multiplier 17 will produce
1LA2B?(v—w) Cos? [ (v—w)dt and, multiplying signals
-5 and 8 together in multiplier 18, we have at 10,
~ Y%A’B*(v—w) Sin® [ (v—w)dl. Summation of signals o

3 5' | DESCRIPT ION OF THE PREFERRED A M

1 18 lllustratwe only and not llmltlng upon the bl‘oad.-‘- o
__ -mventlon : |

FIG. 2 1llustrates the gam versus frequency dlffer-'

ences of applied signals obtained at output 11 of the
'FIG. 1 embodiment. The curve 20 illustrates the linear-
“ity achieved. In the event that network 14'in FIG. 1is =
to have —90° phase shift instead of 90°, that the polarity

of output 11 will be reversed as shown in the dashed

of phase locked loops, and that the output at 11 will '_ ._
~ contain true frequency demodulation before and after

attaining lock. In such applications of the present In-

vention, the signal 11 may also be added into the voit- = =
- age controlled oscillator input to provrde dampmg and RE
“to enhance loop stability,. | A T
Tt is also clear, that the srgnal output 11 rnay be used..a__ B
to drive a voltage controlled oscillator directly which |

output may be introduced as the signalat 1 or 3to
achieve a frequency locked loop. Other uses and varia-

tions are also apparent, as that the outputat 11 maybe =
“used to drive a variable frequency oscillator located

~ ahead of the signal path 1 or 2 and mixed with an input.
 signal to also achieve automatic frequency control. .
~ Thus, the present invention achieves all the uses of N N
30 prior art frequency discriminators and phase locked
loop demodulators w:th many 1mportant new and use- .
_-'ful features o T

EMBODIMENT

FIG 3 1llustrates a schematlc dlagram of a preferred ": N
embodlment of the present invention to accomplish

“frequency demodulation, amplitude demodulation or -

o or controlled to remove other modulations and noise 40 both. For clarity, the FIG. 1 embodiment is seen incor- :

prior to frequency detection, or, as well known in the ~ porated in FIG. 3 as elements 31 through 49 which '

electrical arts, amplltude control may be unposed ats

correSpond to elements 1 through 19 respectwely of

- FIG. 1. In FIG. 3, beat note signals 35 and 36 in quadra-_

connection at input of 13 and having signal inputs 1

- phase quadrature However, this method suffers from
~  difficulties in maintaining 90° phase shift over a wide
.~ range of beat note frequenc1es and as such does not-
. perform as well as the means employed in the 1llus- |
- trated embodiment of FIG. 1. S -

It is clear to anyone skilled 1n the communlcauons
arts, that amplifiers and filter networks or both may be

- and 2 in phase quadrature and signals 3 and 4 be at 0°
-~ or 180° phase relationship. Or, for example any number -
- of phase relations - between 1nputs 1,2, 3 and 4, all
- providing that outputs S and 6 are at 90°. Also, of
 course, a single phase detector may be employed with
~ a phase shift network to provide signals 5§ and 6 in

35
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 inserted between phase detectors 12 and 13 and net-

- works 15, 16, 17 and 18. Thereby, the signal paths 5
and 6 may be used to enhance the sensitivity of the

system and to provide protection from other signals

65

which are not to be demodulated and whose signals are

‘not to disturb the output 11. Other variations will of
- course be obvious and the embodlment shown in FIG

 ture are apphed to. multlplrers 61 and 62 arranged to
square signals 35 and 36. The multipliers 61 and 62 =~
produce signals 51 and 52 which are summed to re-
“move the beat note at 63, compared to a reference
"_:amphtude 53 and the summed signals at 54 are intro-
- duced into a square root network 64, whose output 5§~
50 is amplified at 65 to drive an analog divider 66. Said
.-"analog divider, or gain controlled amplifier 66 is con-
~trolled at 56. A signal to be amplitude demodulatedis
-_-1ntroduced at 30, amplitude demodulated by virtue of =~ =~
" the feedback demodulator loop and thence introduced
“into the phase detectors 42 and 43. The demodulated T
amplitude data is obtainable at 56. The: system will©
- produce frequency demodulation data at 41, and the =
. amplitude demodulation loop will serve to remove
o amplltude noise or data from dlsturblng the output at
41. | | |

It will be helpful here to review the mathematlcs '

included in the preferred AM., FM. embodiment -
shown in FIG. 3. Let the i mconung mgnal 30 be repre-

sented by x Cos [ vdt, where x is the amplitude in volts,
which may include. modulation variations with time.
Let the signal obtained at 56 be represented by z volts
- so that the output of divider 66 will be (x/z) Cos [ vdt.

Slgnals__33 and 34 are denoted by B-COS- Jwdt and —B -
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Sin f wdt respectwely The SIgnals 35 and 36 will be
seen to be %(x/z)B Cos [ (v—w)dt and 1/z(x/z)B

6

that frequency modulation perfonnance does not re-

Sin [ (v—w)dt respectively. Squaring and summing
provides that the sum of sngnals 51 and 52 will be seen

to be %(x/z)’B? which is free of the beat note and 5 path 58, It is clear that either A.M. or F.M. demodaula-

- frequency modulation signals. A negative reference of

1 volt 1s apphed at 53 into summing network 63, the
square root is taken at 64 and amplified by ampllﬁer
63, having a gain of k& to produce the signal z. Hence, it

s seen that we have a relatlonshlp In x and z as follows 10

ko V +V4(x/z)2|32)—z

As k may be made quite large, we see that = 1/éxB

- Hence, the recovered signal 56 is a sagnal contalmng
the amplitude modulation factor of the incoming signal

-30. It 1s also seen that the signal applied to the phase
- detectors at 31 will have an amplitude of x/z or %B

volts, and that the amplitude variations of all applied

signals will be cancelled according to the amplitude
demodulation tracking loop to provide quadrature sig-
- nals 35 and 36 which are free of amplitude changes.
The output at 41 will be in accordance only with the
~ frequency difference of the applied carriers; and, the
- output at 56 will be only in accordance with the ampli-

tude modulation content of the | Incoming signals at 30
and 33. o -

15
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It is clear to anyone skllled in the electrical and com-

munications arts that many variations upon the pre-
ferred embodiment may be accomplished without

changing the spirit and scope of the broad invention, -

30

and that the illustrated embodiment is exemplary-only.

For example, the square root network may be omitted,
~since the high gain of amplifier 65 will correct for the

quire feedback amplitude regulation as shown in FIG.
3, the divider 66 and amplifier 65 may be removed and
amplitude demodulation data taken directly at signal

tion may be accomplished separately or simultaneously

with- appropriate portions of the embodlment shown o

utilized as descnbed herem _' EE .
[ claim: | |
1. A system for snnu]taneously demodulatmg an in-

- coming carrier signal to remove amphtude and fre-
“quency modulated signals therefrom comprising: .
- a frequency demodulator comprising a pair of phase o
detectors receiving said incoming carrier signal, a -

reference signal source connected to one of said
pair of phase detectors, a ninety degree phase
shifter connected between said other phase detec-
“tor and said reference signal source, o

2 frequency discriminator connected to the outputs

of said first and second phase detectors and pro-
ducmg the frequency modulated 51gnal |

a parr of multlphers respectively recetving the out-
puts of said pair of phase detectors, |

a reference amplitude 51gnal SOurce,
~ a summing device receiving the outputs of said pair
of multipliers and said reference amplitude signal
- source output, said amplitude modulated signal
- obtained from the output of said summing device,
“including an analog divider connected between
said input to said pair of phase detectors and said
summmg device and also receiving said incoming
carrier signal. |
2. A system according to claim 1 1nclud1ng a square |

slight errors encountered, however, the square root 35 root device between said summing device and said

network 1s preferably if the amplifier gain is low. In the
event that a limiter is to be used for frequency demodu-
lation, the divider 66 may be inserted in signal path 33,
34, 35 or 36 or elsewheres such as 37, 38, 39 or 40 to

help in reduction of beat note interference. In the event

40

analog divider. | |
3. A system according to claim 2 mcludmg an ampli-
ﬁer between said square root device and said analog

divider. | |
ok ok ok ok ok
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